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SUMMARY 



The principles of the Gross method of moment distri- 
"bution are used to check the stahilxty o£ structural ineffl- 
hers under axial load. A hrief theoretical treatment of 
the .suh.j Oct , together with an illustrative prohlem, is in 
eluded as tvell as a discussion of the reduced modulus^ at 
high stresses and a set of tahles to aid in the solution 
of practical prohlems. " - 



INTRODUCTION 



One of the prohlems in the design of structures is to 
make certain that the compression members are stahle un- 
der the loads to ho carried. I'or example, it is assumed 
that the usual column formulas give tho critical stress at 
which a compression memher hecomes unstahle in "bending. 
In order to use these formulas, however , the value of the 
restraint coefficient c must he known, 

Eor a structure hullt with the memhers Joined to each 
other oy frictionless pins at each end, c = 1. Eor a' 
structure huilt with tho momhers continuous at the Joints, 
however, the value of c for any compression memher is de- 
pondent upon the size of all momhers in the structure and 
the axial' loads in them. Tho design of the compression 
momhers for a structure continuous at the Joints is there- 
fore a prohlom in trial-and-error calculation. The pro- 
cedure recommended for design is, first, to proportion the 
compression menhers on the hasis of assumed restraint co- 
efficients and, second, to check the stability of the sys- 
tem of momh'ers hy a simple calculation. If the system of 
momhers is found to ho unstable, now values of the re- 
straint coefficient must he assumed, new sizes for the 
menhers selected, and another ^heck of tho stability made. 
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The suggestions and comment of Sr. W.lllip.ni £. Osgood 
of the national Bureau of Standards oh the subject laattor 
of this report are greatly appreciated, particularly hia 
GUfsgeet-iong. r eg:arding tlio evaluation of the effectivo 
modulus at stresses above the elastic range. 



DEFINITIONS AND SYMBOLS 



The following definitions of stiffness and carry-over 
factor parallel those given in references 1 and 2 with 
sone changes in wording: 

St iffness .-* If a oenher is on ujiyielding supports at 
each end, the moinent at one end nacessary t-o- produce a 
rotation of l/4 radian of that Bnd is called the "stiff- 
ness*" The stiffness of a nenber will depend upon the 
amount of restraint at the far end". In the derivation of 
the criterion txyr stability, three types of restraint at 
the far end are coiisider,ed. The symbols used to dosignats 
the stiffness for the different types of restraint arc 

S, far end fixed. 

S', far end elastically restrained. 

S", far. end pinned. 

Oa rry-over factor .-' If a member is on unyielding sup- 
ports at each end and a noaent is applied at the near ond, 
the ratio of the nonent developed at the far end to the 
jnonent applied at th.e near end is called the "carry-over 
factor," As in the caso of — sirlffness, the carry-over fac- 
tor will depend upon the-degree ofl = restraint- at the far 
end of the raomb^r. The symbols used to designate the 
carry-over factor for the different typos of restraint 
considered in this report are 

G, far end fixod. 

0*, far end elastically restrained. 

0" = 0, far end pinned. 
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The stiffness of a neriber computed according to tlie 
foregoing definition is 1/4 tli.nt computed according to the 
definition given in references 1 and 2. In the Gross 
method the relative stiffness of the nehhcrs is of inpor- 
tance and not the absolute value. The foregoing defini- 
tion tras selBcted so that the stiffness of a mexaher of 
constant cross section vrith no axial J.oad and fixed at the 
far end trould he BI/L instead of 4BI/L. 

Sign convention .- The sign convention used in this 
report is the sane as that used hy James" in reference 2. 
A clockTrise nonent acting on the end of a nenher is posi- 
tive. A countorclookwis© nonent acting on a joint is pos- 
itive. An external nonent applied at a joint is consid- 
ered to act on the joint. 

S ynhols .- 



Z, sunnation. 

E, nodulus of elasticity. 

"S, effective nodulus of elasticity. 

I, nonent of inertia of cross section ahout a 

centroidal axis nornal to the plane of "bending. 

L, length of nenher. 

P, axial load (ah so lute value). 

A, area of cross section. 

c, restraint coefficient in the usual column for- 
nula. 




radius of gyration 
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a = 6 



L L 

-■ cosec — - 1 



1 - ■£ cot I; 



p = 3 



ay 



a, = 6 



"T csch — - 1 



3=3 



1 - — ooth -r 

J ;3 




For 

conpr es sion 
nember s 



For tension 



L 
J 



EI 



= L 



ef f 




Si 



Effective values of a and P are. Q"btained ty suTsstitu- 

tion of (L/J) for L/j. 

err 



OH I TEH ION FOE STABILITY 



The joints of the structure are assumed to be held 
rigidly in space "but are free t"o rotate under the elastic 
restraint of the interconnecting meniher.e. This assunp- 
tlou is filso hasic in the Gross method of nonent distrl** 
hution (roference 1), 
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The nethod used to check the stability of the struc- 
ture is Taased upon the principles of moment di str ilDutioil. 
In this method either of two criterions ■ may "Be use"d. 

St iffnes s criterion 'for stahillty From a structure 
of many ncmhers consider the section comprising one join^ 
shown in figure 1, Apply a unit external moment a't joint 
■b. 



By the Cross method, the moment of -1 added to "balance 
joint h is divided hetweeii memhers he in proportion to 
their stiffnesses. Because there are other memhefs heytfird 
joints c, the far end of members "be will "be ela.stical- 
ly restrained as indicated in figure 1 hy coiled springs 
at ci , cs , and C3 . It is possihle, theoretically, to cal- 
culate the restraint at joints c and the stiffness of 
memhers he when they p_re elastically restrained at their 
far ends. Thus, if the stiffnesses of memhers ho are 
determined with the far ends c elastically restrained, 
the moment of r-l added to halanoe joint" h is di s^srihuted 




Figure 1. 
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"be ■ 



ZS I 



tic 



S » 



to 



etc. 



to 11161111)61 

Tsci 



to member 
T3Ca 



The moments carried over to tho 
faa^ ends of members be are 



2S I 



be 



S ' 



bca^ bcs 



be 



to far end of 
memb-er bCi 

to far end of 
member bCg 



etc. 



The moments carried over to the far ends of members be 
will be absorbed by all th« members beyond joints c. 
Thus, the moment at each end of every member in the struc- 
ture will be some quantity divided by SS'-j^^,. 

Before the structure is loaded, the stiffness of each 
m-ember of the structure is positive (no axial load in the 
members) making SS'^^ positive. As the structure is 

loaded, the eff'ects of axial tension and compression will 

cause the stiffness of some members tu increase and the 
stiffness of other members to decrease. For stability,- 
the mom-ent at «ach end of every member must- be finite. 
Therefore, the stiffness criterion' for stability is 



2 > 



(1) 



It is desirable to emphasize that, if- the stiffness 
criterion for stability is satisfied, not only is the sta- 
bility of members be in figure 1 chocked but the stabil- 
ity of every member in the structure is proved. 

The condition of neutral stability giv-es the critical 
buckling load for the structure and is obtained by setting 
the stiffness stability factor SS'-jj^, equal to zero, or 

ES«T,^ = 0 (2) 

S eries cri t erion for stability .- From a structure of- 
many members consider the section comprising two joints 
shown in figure 2, Apply a unit external moment at joint 
b. 3y the Cross method, the moment of -1 added to balance 
joint b is divided between member be and members ba 
in proportion to their stiffnosses* Because there are 
other members to the left of joints a, the Ijeft end of 
each member ba will be elastically restrained as indi- 
cated in figure 2 by a coiled spriij.g at ai, ag, and agn 
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H 
as 



'be 



^3 



IS 



a 



Sbc^^Stia. Scb+ZS|,fl 



^bc '^fac 



cd 



Sbc ^bc Sgt) G(,b 



Sbc+SS^ 



Figare 2 
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The stiffness 
that- oint c 

of memtet "ho 

stiffnesses of mem'ber s 

joints a, the moment 
moment of +1 at joint 



of span he is calculated on the assumption 
is fixed. Thus, if- S-jjg is the stiifnoss 
fixed at c and SS'-j^g^ is the sura of the 

ha clastioaily restrained at— 
of- -1 added t-o- balance tho external 
h is distrihut-Qd: 



'he 



'he 



+ 2S ' 



ha 



to meuihor he, and 



SS » 



ha 



She + ^^'ha- 



to momhers ha. These moments, together with the moments 
carried ever to Joint e and joinjbs a, are set dovrn in 
the tahlo of figurB 2. 



Because the stiffness and carry-over factor for non- 
take proper account" of the elastic restraint at 
the moments carried over te joints a are ah- 
thos-e portions of the structure to the left of 
Thus, there is no uiihalanced nonent at any 



hers ha 
joints a 
sorhcd hy 
those joints, 
joint a. 



It was r.ssumed that joint c 
ty it was elastically restrained. 



was fixed when in reali- 
The moment 



^hc ^hc 



carried over to this joint has therefore caused it~to he 
out of halance. Accordingly, joint c is .balanced and 
the proper nomenta are. carried over to joint h and joints 
d. (See tahle of fig. 2.) Because; the stiffness and carry* 
over factor for memhers cd take proper account of the 
elastic restraint at .joints d , th:e moments carried over 
to joints d are a,hsorhed hy those; portions of the struc- 
ture to the right of 
balanced joint is h 
joint is r where 



these joints. Hence, the only un- 
and the unbalanced moment at this 



r = 



^bc *^bc 



^cb °cb 



She + 2S'^^ S^T, + 



(3) 



N.A.C'.A. a?eclinical Note No. 617 



9 



Joint Tj was the starting point xrith an unlDalanced. _ 
Honent of unity. Therefore, if the present -qnTjaian ced 
monont of r at joint "b is distritiuted in the nanner 
descrihed for the initial unhalanced monent of unity, an- 
other set of entries for the tahle of figure 2 -will he oh— 
tained that are exactly r tines those already made. It 
will then he found that the unhalanoed noment at ^oint h 

is r ^. 33i strihution of this unbalanced noment will give 
a third set of entries in the tahle of figure 2 that ar© 

r^ tines the first set. Thus the nth set of entries in 

the tahle of figure 2 will he r"-"*^ tines the first set- 
of entries. 

According to the Cross nethod, the noment at the end 
of any nenher is obtained hy the addition of the entries 
in the corresponding column of the tahle of figure 2, For 
any nenher, this noment is sone q.uantity tines the infi- 
niteseries 

1 + r + + + 

For stability, the nonent at the end of each nenher nust 
■he finite, Thus, for stability, the sun of the infinite 
series nust be finite. This condition is satisfied when 
the value of r lies between -1 and +1. 

It will now be provedthat r cannot have a value_ be- 
tween —1 and 0 without first having' a value gr eat er~ than 
+1. The product of stiffness and carry-over factor for 
any nenber is positive for any condition of restraint at 
the far end. Therefore r can be negative only if the 
denoninatcr on the right side of equation (3) is negative. 
Before the structure is loaded, the stiffness of each neW- 
ber of the structure is positive (no azial load in the 
menbers) naking the denoninator positive. As the struc- 
ture is loaded, the effects of arial tension and conpres- 
sion cause the stiffness of sone menbers to increase and 
the stiffness of other members to decrease. Thus, as the 
load on the structure is increased, the denominator on the 
right side of eq_uation (3) cannot be negative without pass 
ing through zero. When 'the denominator is zero, r is in 
finite, which means that the structure is unstable. There 
fore, the criterion for stability is 

0 < r < 1 (4:) 
If the series criterion for stability is satisfied, 
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not only ^.s the stability of nenber be in figure 2 
checked hiit the stability, of every nenher in the structure 
is proved. If the cr-oss section and axial load vary along 
the length of any nenher, the effect of. those variations 
is included in the evaluation of the stiffnoss and carry- 
over factor for th.^vt . nenber regardless of which crit-orion 
for stability is used. If desired, the effxjct of shear 
can also be included. 

Tho condition of neutral stability gives the critical 
buckling load far the structure an^d is obtained by setting 
the series stability factor r. ecLual to unity, or 

^ ^bc ^bc. ^cb "^cb _ ^ . 



CAERY-OVES FACTOR AND STIFFNESS 



In order to calculate the critical buckling load in 
actual pr obi ens, it-ig necessary to have suitable expres- 
sions for- the stiffness ajid carry-over factor. Bef-are 
these expressions are sunnarized, ■however, equations will 
first be derived for the carry-over factor and stiffness ' 
of a nenber elaatically restrained at its far end. 

Consider the nenber ij shown in figure 3, simply 
supported at i and elaatically restrained at J by men- 
bers jk. Tho nembers jk are also elastically restrained 
at their f.cx. ends k. Apply an external monont -M at 
^support i. The moment of +M added to balance this joint 
is all distributed to menber iJ . On the assunpirlon that 
joint j ■ is fixed., the noment carried over to the far end 
j is i^Cj^j. The moment ~MOjj added to balance joint J 

is then distributed between nenber. - ji and nenbers jk 
in proportion to thoix stiffnesses e.B shown in the table 
of- figure 15:. . 

-MC 



^3 s-ji + ZBty^ 



to member ji, and 



N.A.O.A. Technical Not© No. 617 



11 




12 



K.A.C.A. Technical Note Ho. 617 



to memljers jk. Because the stiffness 



S"ji 



of span 3± 

takes proper account of the pin end at i, no moment is 
carried over to i. The stiffness and carry-over factor 
for members Jk take proper account of the elastic re- 
straint at Joints k. Therefore the moments carried over 
to joints k -will "be absorlDed hy the structure to the 
right of these Joints and the moment distribution analysis 
is complete so far. as moments in memh-er ij are concerned* 
Thus the moments at the ends of—memher iJ are: 



At end i , 
At end J , 



U 
MO 



SS « 



Jk 



By definition, the carry-over factor C'ij for member iJ 
elastically restraiJied at j is the ratio of the Biom«nt 



-s'ij ( , : ^ ]-s'ij 

External 

External moment 
moment 



S N . C 



iJ ^ iJ 



iJ' 



Figure 4 
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at end j to the monent at end 3,, or 

- C». , = 0. . ^ (6) 

In order to derive an equation for the stiffness 
S' of Eiemher ij elastically restrained at the ' far end 

3, assune that -M (fig. 3) has the value -S'ij. Ihen 

menlDer ij will have the end moments shown in the tahle 
of figure 4 and the tangent, at i will have "been rotated, 
through 1/4 radian. Now consider a duplicate of nentrer ij 
pinned at each end (fig. 5). Apply an external moment 
-S"ij- at i. Ihe moment of +S"j[_^ added to "balance this 

joint is distributed to memher i j . If the far end j is 
assumed to he pinned, the tangent at i will have been ro- 
tated through 1/4 radian. At this stage apply an external 
moment of -S'^^^ O'^^j at Ihe-nonent of +S'ij- 0»ij 



External External 
moment moment 



s" 



Figure 5. 
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added to TDalance this joint is diatriliuted t'Q ^lenber ji. 
On the assumption that the far end i is fixed, the nouent 
carried over to joint i is +S ' . . C'^. 0.^. In this con- 

dition the moiriGiit at j and the rptation of the tangent 
at i are th.e sane f-or the original menher i;j (fig. 4) 
and tho duplicate cenher ^ij (fig. 5). It therefore fol- 
lows that the nonent^ at i in the original and duplicate 
nenhor nuat also he equal. Theref-ore 

S'. . = S". . + S«. . G' . C. 



fron \7hich 



S 'I. , 

S'ij = -- - 



1 - C'ij. 



Substitution of. .the value of O'ij as given hy oq.uation 
(6) gives for the stiffness of a nenhor ij eiaetically 
restrained at""the far end j by other members jk, also 
elastically restrained at their fax ends, 

St.. = .. ii- ■ (8) 



For member Ij , the limiting values of the carry- 
over factor and stiffness given by equations (6) and (8), 
respectively, are obtaiwo'd as follows. When the far end J 
is pinned, there is no elastic res.traint at j and ES'ji|.= 
0. For this limiting condition, th« carry-over factor 
O'ij. = C"ij = 0 and the stiffness S '^j = 3"^^. When the 

far end J is fixed, there is coa.plete restraint at j 
and SStjjj. = 00. For this limiting;, condition, the carry- 
over factor O'i^ = Oij- and the stiffness S'^j = S^j 

where 



S"ij 



" 1 - Oji ^±5 



(9) 



Up Ux this pointj all the equations in this report on 
stability are general. In nearly all cases encountered in 
practice, however, the cross section and axial load do not 
vary along the length of each mender. For this special case, 
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Oj^j = ^"ij " ^"ji' ^ij ~ ^ji' carry-over 

factor of any m ember ij , fixed at the far oncL, is Csee 
reference 2) 



a 



also, tho stiffness of aJiy such memher ij is: 
Par end pinned (see reference 2) 



(10) 



(11) 



Sar end 5 elastically restrained "by .menTjers 3^, 



S » 



^3 



2S > 



1-0' 



(12) 



Far end ;5 fixed. 



S" 



'15 = 



1 - G", 



EI 

T. 



43 



1 - (^) 



(13) 



(14) 



When the cross section and axial load do not vary 
throughout the length of each menber, the series stability 
factor as given by eq^uation (3) becones (see fig. 2) 



(S 



r = 



be -^bc 



)' 



(Sbc + 2S'^^ 



) (Sbc ^^'o± 



) 



(15) 



The values of the quantities that appear in this expres- 
sion aro obtained by the use of equations (lO) through . 
(14), It is nore convenient, however, to tabulate certain 
of these quantities as has been done in tables I and II« 
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THE EPFECiTIVE MODULUS 



If equations (10) to (14), inclusiTc, aro'to ho appli- 
cable in the short-column range, an cffoctive modulus E 
must he suhstituted for Young's modulus E. This suhstitu- 
t-ion requires thab an effective value of L/ j he used to 
evaluate a, and p in all • equations of this report, where 




(16) 



As noted in the list of syrahols, the formulas used in the 
evaluation of a and p differ for tension and compres- 
sion memhers. 

For compression memhers in the elastic or luler range, 
E = E. For the ehort-coluran range, 1 < E. In order that 
the calculated critical load for a structure shall he con- 
sistent with the usual column fx>rmulaB hased upon teste, 
it is rocoraracnded that 1 for compression memhers he de- 
termined in the following manner: 

!• Solvo for the effective slenderness ratio 
V P //"c" accepted colurm formula for the mate- 

rial under consideration, 

2, Suhstitute this value of L/ p ^/~c~ in the 

equation ; 

TT A ^py C " 

The result will he an equation that gives E as a 
function of — the stress P/ A in the memher. 

3, If desired, this value of "1 may h© correct- 
ed for small differences caused hy changes in the 
cross-sectional- shape froB tiiat used i-n the tests on 
which tho colunn formula is hased; hut this correction 
is usually neglected. 

If it is inconvenient, to solve for I./ p ^c" in th-e ac- 
cepted column formula, the procedure outlined in reference 
3 can he used and a curve of ^ against P/A he drawn* 
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The variation of S with, stress for tension mem'bers 
can he estahlished, theoreticr-lly , hy the use of the 
douhle-nodulirs theory of hending and of the stress-strain 
curre for the naterial, (See references 4, 5, and 6.) 
For such calculations, however, the stress- strain curve 
must he accurately drawn to a suitahle scale. In the ah- 
sence of a known or calculated variation of !S with stress, 
^he following approximate method can he used to estahlish 
E for tension memhers: 

1. When the stress is less than the maximum al- 
lowed for a colunn of the sane naterial, use the 
sane values of E for tension as for conpression at 
the same stress. 

2. When the stress is greater than the maximum 
allowed for a column of the same material, assume 
that B = 0, 

The values of E for tension menhers ohtained "by 
this method will he conservative. Whether or not they are 
too conservative is a matter to he settled hy tests. Cer- 
tainly in the regions of yield point and of maximum ten- 
sile strength the flatness of the stress- strain curve will 
cause ^ to approach zero". Because the maximum stress 
allowed in columns is closely associated with the yijld 
point, this method offers a convenient solution of E for 
tension menhers. 



Axial load in pounds; T, tension; C, compression 

) 9940 a 8610 T 9940 C 8610 T 9940 C 



1 








/\ 


A 


T 





y z a h e d e f 



< ' 60" J 




5 at 50" = 250" 




< 60" J 









Figure 6. 
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PROBLEM 



Design a CQntimious member of 1025 steel to carry the 
loads shown in figure 6. For simplicity, the same cross 
section, \7ill. be used in all spans » -e-ven though bnly three 
of the spans are under axial compression. 

The usual column formulas f of " 1025-steel tubes are: 

Por -< 124, 
P 



P 
A 

Por -■>124., 
P 



36,000 - 1.172 i (^-) (18) 



P _ 276 X 10^ 
A " " 1 

c \pj 



(19) 



It is desired that L/ p be less than 124. Therefore, 
equation (18) is used and, on the assumption that c = 2, 
a tube of the following dlmonsiong is selected as a trial 
design for compression members za, be, aJid de. 

Diameter, d 1,625 in. 

Wall thickness, t ..... 0.065 in. 

Area, A 0.<'^186 sq. in. 

laoraent of inertia, . I. ... .,. . . 0,09707 in,* 

According to the problem, this tuhe is used as a continu- 
ous member from y to . f (fig. 6), 

In ordor to check the stability of the tube B«lected 
in the trial design, the critical buckling load will be 
calculated and compared with the loads given in figure 6. 
It Is aestimed that" the axial load ;ia the t-onsion spans is 
always 8610/9940 or 0.866 times the axial load in the com- 
pression spans, This assumption conforms to the condition 
that the forces in all members increase in the same ratio 
as the load on the st-ructure. 



Both the dimensions and loading of the member shown 
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in figure 6 are syinmetri ccl aljout span to. It is thero«. 

fore convenient to determine the critical Tjuckling load 
"by use of the series criterion for stability. Imagine the 
unit external nonent to he applied at joint h. Then the 
series stability factor is given hy equation (15) with the 
summation signs omitted. If the symmetry ahout span he 
is considered, the series stability factor hecomes 

r = --^^^-^^'-3- --(20) 



where 

S » 



(He + S»^i) 
S"cd. 



a de 

1 - C 



S" , + S'^^ 
cd de 



S"de 

S ' 



de "ell 

a ef 

1 - G 



In the equation for S it is assumed that the ends a t 
y and f are pinned. 

The detailed procedure of calculating the critical 
huckling load .is as follows; 

1. Assume a series of values for the axial load 
in one of the memhers. In order that reasonahle 
loads will he assumed, a compression memher should 
always he selected and the axial loads for this mem- 
her computed from the column formula using a series 
of values of c. In this problem, compression memher 
he is selected and the column formula is equation 
(18). 



2. For each assumed axial lottd in the selected 

ncmher, calculate the corresponding axial load in ev- 
ery other memher. In .this prohlen the axial lo ad in 
all compression memhers is the same and the axial 
load in the tension memhers is 0.866 tines the axial 
load in the compression memhers. 

3. J'or_each load in each of the memhers, calcu- 
late P/A, E. and (L/j) ff. In this problen. S 
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is ©"btained from equatirons (17) and (18), as previ- 
ously outlijaed, or 



36000 :-. f 

A 

1.172 



4, FoT each load in each, of -the n^nbers, deter- 
mine the value of- the terns required tx) evaluate equa- 
tion (20), using tahles I and II. 



5. The assumed load that giv-es 
critical buckling load. 



r = 1 is the 



The result-sf" of- this procedur-e. ae applied to the prob- 
lem of figure 6 are given in tahle; III. The values of c 
in the first column of. tahle III are given for rof erence 
only. As stated in paragraph 1 of the foregoing procedure, 
these values were assumed so that a series of reasonable 
values for the. axial load P in the compression member be 
could b© obtained. In the last column of— table III are 
given the values .of . r corresponding to th© assumed val- 
ues of c. It will be noted that , as the value of c in- 
creases from 1,4 to 2.6, the value, of r increases from 
0,133 to 1,63. If the data of table III are plott-ed in -, 
curve form, it is found that when ^ r = 1 the lowest crit- 
ical buckling loads for the trial .design are 



za, be, and de . . . 10,2-60 compression 



ab sLttd cd 



8,890 tension 



These critical loads are greater than the loads to which 
the respective members are subjected. (See fic» 6.) The 
tube selected for the trial design is therefore stable and 
the margin of safety for the system is 



10260 
. 9940 



- 1 



-- 1 = 0.03 

L8610 : J 



This margin of — safety is obtained regardless of which mem- 
ber is used for its calculation, Th.e reason for a single 
ma'rgin of safety for the whole system is that, when the 
critical load is reached, all raemb.ers deflect. Some mem- 
bers deflect Eioro than others, . however , with the result 
that ultimate failure is concentrated in one or more mem- 
bers* 
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, It will "be noted in table III that, as the loads P ■ 
increase, the stability factor r increases to a value 
greater than 1, then falls to a value less than 1, and fi- 
nally again rises to a value greater than 1, The reason 
for this result is that, theoretically, more than one type 
of instability is possible. For each type of instability 
there is a corresponding critical load. In design, hotrover, 
the lowest critical load is the only one of interest. 
Therefore, when the stability of the trial design is checked, 
, the lowest critical load should be calculated and compared 
with the loads given in the problem. 

it will be further noted in table III that, between 
c = 1.4 and 1.5, the value of S'^^ changes from posi- 
tive to negative. According to the stiffness criterion 
for stability, this change of sign means that m.enbers de 
and ef , considered alone, have changed from stable to 
unstable. It is also noted that S'^,^ changes from posi- 
tive to negative between c = 2,6 and 2,7, which means 
that members cd,_ de, and ef, considered alone, have 
changed from stable to unstable but at a much higher load. 
As previously discussed, the change from stable to unst a- 
ble for all members occurs "between c = 2.5 and 2.6 where 
r = 1. 

Many short cuts can be made in the solution of spe- 
cial problems. Much can also be said concerning the ap- 
plication of the method to the best advantage in a given 
problom, These points, as well as other points relating 
to the practical application of the method, are beyond the 
scope of this report. 



Langley Memorial Aeronautical Laboratory, 

National Advisory Committee for Aeronautics, 
Langley ffield, Ta. , September 1, 1937, 
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TABLE I 



Functions for Compression Members of Constant Cross Section 
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Functions for Compression Members of Constant Cross Section 
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Functions for Compression Memljers of Constant Cross Section 
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TABLE II 



Functions for Tension Mem"bers of Constant Cross Section 
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JtLnctioiis for Tension Members of Constant Cross Section 
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Calculated Results for Solution of ProMem ' 
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l^\f =3.397 X 10* ib.-ln. 1 



TAHCB HI (Cont'd,) 



Calculated SesultB for Solution of Pro'blem 





1 — ■■ 

Mem'ber "be 


Member cd 


Member de , 












be be 




cd 






^de 

LLC 


cd 


r 


w 






^ Cd 




« do 












(ID.-ia.) 


(11^3 _ i^aj 








;.lb.--in.) 


(lb."in.) 


(lb. -in.) 





1.J+ 


I.JWU-X 10* 


5.U5 X 10^ 


0.122^ 


5.07 X 10* 


2.783 


-2. 1+9 -x icr 


26U3 


5IQIO 


0.133 


1.5 


1.155 


5.24 


.1197 


5.01 


3. 989 


-3. 1+1 


-32.69 


50100 


.138 


1.6 


.930 




.117^ 


^.95 


5.961+ 


-I+.56 


-2I+76 


I192OO 


.1U8 


1.7 


.699 


1+.99 


.1151 


^.90 


10.22 


/" 111. 


-5189 


1|8320 


.163 


l.S 






.1130 


U.85 


22. 


-10 ni 


-7833 


1+71*60 


.181 


1.9 


.289 


U.gg 


.1112 


U.so 


5S.it2 


-16.59 


-103'W 


^16560 


.200 


z. u 


.095 


U.92 


.1096 


U.76 


5^5.3 


-51.71 






,d2.o 


2.1 


-.101 




.1077 


1^.72" 


1^85.8 


U9.I2 


-16150 


1+1+700 


.261 


2.2 


-.302 


5.13 


.low 


U.6g 


56.23 


i6.6g 


-19590 


1+31+50 


■ .314 




-.512 


5-3'+ 


.1051 


1+.65 


22.72 


10.25 


-22020 


1+21+70 


.383 


1:1 


".6SS 


5.51^ 


.IQilO 


U.62 


12.47 


7.51 


-26050 


1+0700 


.1+S1+ 


2.5 


-.896 


5.88 


.1026 




7.619 


5.73 


-31210 


3751K) 


.720 


2.6 


-l.llS 


6.33 


.lOll^- 


U.56 


5-189 


^.57 


-37610 


30S70 


1,63 


2.7 


-1.361 


6.91 


.1006 


1+.53 


3. 798 


3.73 


-U605O 


-8750 


1.38 


2.8 


-1.633 


7.71 
S.69 


.099H 


U.50 
k.m 


2.930 


3.095 
2.63? 


-58070 


80560 


.187 


2.9 


•^1.911 


.0956 


2.1«)2 


--71+590 


59l+«0 


.533 


3.0 


"2,227 


9.96 


.0978 


U.U5 


2.023 


2.239 


-M2200 


53820 


1.00 



BTcfte*- Jor member ef, P = Q, | = 0, E X 10^ lb. per sq. in,, ( 7 Jgff =0, 



S'fgj.= _3,.397 X. 10* Ib^n. 



